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GRINDING AND POLISHING APPARATUS
BACKGROUND

1 Fleld

ThlS 1uvent10n relates to mechanlcal surface prepara-—
tion (i.e., grinding and/or pchshmg) of material sam-
ples, and more particularly to tmproved apparatus and

method for mechanically preparing materlal samples by . 0

‘means of abrasive partlcles
2. Prior Art |

Conventionally, the surface of matenal samples is
mechanically prepared (i.e., ground and/or polished) by
abrading the surface, in several or many cperaticns,
with a series of abrasive particles of decreasing sizes,
until a final surface finish of the desired smoothness is
achieved. In each operation, abrasive particles of a

particular grit size (such as #2, #1, #O0, #00, #000,

10-mesh, 100-mesh, 200- mesh, 320-mesh, and 400- -mesh) .

and type (generally alumina or silicon carbide) are em-
ployed. These particles are either bonded, by vitrified,
silicate, shellac, resinoid, rubber, or magnesrte bcndmg,
onto the grlndmg/pchshmg paper in the form of the
usual sandpaper, or are fed in a water or oil stream onto
the rotating wheel. Usually, only a ring of very narrow
width on the paper or wheel is used to do the surface
preparatlcn

In going from one surface preparatlcn cperatlcn to

2

of the invention, achieved by centrifugal forces simulta-
neously acting on all the mixed abrasive particles, to

-separate them into concentric rings of decreasing parti-

cle sizes toward the center of the wheel. While thus
separated the abrasive particles may be used directly to

- abrade the material sample, or may be further bonded
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the next with finer-sized abrasive particles, the material

sample has to be carefully cleaned and mspected It is
advisable to rotate the sample 90 degrees to facilitate
recognizing when the coarse scratches have been en-
tirely replaced by the finer ones.

The wheel speed is important. Smce the rate of cut—-

ting or abrasion depends on the linear velocity and not
on the rpm, a higher rate of cutting is always obtained
at the periphery than at the center; and likewise, the
larger the wheel, the hlgher the rate of cutting. High
speeds are not conducive to the best results and do not
,apprecuably expediate the process. A speed of 600 to 700
rpm for a 9-inch wheel is satisfactory. With well con-
structed machines free from vertical vibration, hlgher
speeds can be used. safely -

Acccrdlngly, an object of the. present mventlcn s tO
provide improved mechanical surface preparatlon appa-
ratus and method;. ) -

- A further ob_]ect of the present mventlon is to prewde
simplified, - mechanical . surface. preparatlcn apparatus
and method; .

- A broad object of the mventlen 1s to provide one-

step, mechanical surface preparation method to make

the process fast, efficient, low in cost, independent of

the operator skill, and reproducible.

Another. object of the invention is to provide new
methods to make these novel mechanical surface prepa-
ration apparatus |

| SUMMARY |
To these ends, the present mventton prcv1des an
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(by the usual means mentioned previously) in their sepa-
rated states to the wheel directly or to some paper disc
placed on the wheel. Alternately, different-sized abra-
sive particles may be screen- printed onto the wheel
directly or onto a backlng paper placed on the wheel m
the form of concentric rings. These rings may be. very

distinct or somewhat diffused relative to the particle
sizes.

BRIEF DESCRIPTION

The invention and its further objects and features will

‘be more clearly understood from the following detailed

- description, taken in conjunction with the drawing in
~which:

. FIG. 1 shows an apparatus for centrifugally separat-—
ing-a lot of mixed abrasive particles for immediate use to

abrade the material sample or for making the new sand-

paper. according to the invention;
FIG. 2 shows another type of sandpaper or grlndlng-

- /polishing wheel;

FIG. 3 1s a top view of a new grinding/polishing

- apparatus and

FIG. 4 is a cross-sectional view cf the apparatus of

~FI1G..3, taken along the line 4—4.

It will be understood that the specific embodiments
described are merely illustrative of the general princi-
ples of the invention and that various modifications are
possible without departing from the spirit and scope of
the invention. That is, the invention is of general appli-

- cability for increasing the efficiency and reliability, but

reducing the cost of the mechamcal surface preparation

- Process.

‘More particularly, it" will be evident the invention

- may be employed to grind and/or polish rapidly the
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‘apparatus for mechanically preparing .the surface of 60

material samples which comprises a horizontal circular
wheel having an upper surface and rotating about its
central vertical axis of rotation. The apparatus also has

“surface of material samples at low cost, with uniform

results 1ndependently of the operator’s skill and experi-

| E!IICE

‘Still further, it will be apparent that materials other
than those specifically descrlbed may be used to prac-

tice the invention.

DETAILED DESCRIPTION

With reference to FIG. 1, the mixed abrasive parti-
cles of, e.g., the usual alumina, silicon carbide, tungsten
carbide, or diamond variety but with sizes varying by
over (three) orders of magnitude from about 1 mm
down to submicrons, may be carried by an air, oil, or
water stream. These particles are fed either at the center
O of a planar and flat or smooth (i.e., grooveless), upper
grinding/polishing surface of a clockwise rotating, hor-
1zontal wheel 12, or at the entrance end 13 of a mono-
tonically or continuously expanding and curved feed
duct 14. With central feeding, the mixed abrasive parti-
cles, upon contacting the rotating wheel 12 rotating at

20 to 600 rpm, acquire the rotational velocities from the
- wheel 12, and are thus centrifugally separated. The

means for providing onto the upper surface mixed abra-

sive particles with the larger particles being provided at

65

greater radial distances from the center of the wheel -
. given. Centl‘lfuglng time, the larger and denser abrasive

than the finer abrasive particles. This prowsmn of the
mixed but separated abrasive particles 1s, in one version

larger and denser particles touch the rotating surface
faster and more and, hence, achieve higher radial or
centrlfugal acceleratlons and velocities. Hence, for a

particles are moved to the periphery of the wheel 12
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~ while the smaller and/or lighter particles, contacting

the same surface of the wheel 12 later and/or less and

thus being less affected by the centrifuging action, stay

relatively close to the center of the wheel 12. Abrasive
~ particles of the same chemical composition, e.g., alu-

mina, are, of course, equally dense (specific gravity 4.0)

and will be separated only according to the particle
sizes.

As shown in FIG. 1, with the duct feeding, the mixed
but centrifugally separated abrasive particles are fed
over a significant or even major portion of a selected
radius of the wheel 12, or of a selected line extending
from the center of the wheel at O to the periphery of the
wheel 12. With the duct feeding, the mixed abrasive
particles in a suitable suspension are also forced to move
from linear paths at the narrow entrance end 13 and to
change to continuously or monotonically expanding,
paths in curved duct 14. The mixed abrasive particles
are impelled by centrifugal forces and are thus sepa-
rated, larger and denser particles being outmost while
finer and less dense particles being closer to the center
O of the wheel 12. That is, the larger and denser parti-
cles, being more affected by centrifugal forces, are fed
to the horizontal wheel 12 at near the periphery thereof,
while the finer and lighter particles are fed near the
center O of the same wheel 12. |

With duct feeding, the mixed abrasive partlcles are
already separated inside the feed duct 14. Hence, the
wheel 12 need only be rotated at a minimal speed (5 to
50 rpm), i.e., only sufficiently fast to allow the outcom-
ing, separated abrasive particles to be gently deposited
onto the wheel surface. If additional centrifugal separa-
tion action is needed on the wheel 12, the wheel may be
rotated at a higher speed (e.g., 25 to 300 rpm). Note that
with either the central or duct feeding, the larger abra-
sive particles merge continuously into the finer abrasive
particles toward the center of the wheel 12. The sepa-
rated abrasive partlcles are discharged onto an elon-

gated discharge region on the upper surface of the
wheel 12, near the exit end 15 of the feed duct 14. This

discharge region is generally centered along a major or

significant portion of a wheel radius, or of a straight or

curved line, extending from the center of the wheel 12

10

15

20

25

30

35

to the periphery thereof. Both the central feeding and

duct feeds practiced on the FIG. 1 apparatus provide

concentric rings of abrasive particles of larger particle

sizes continuously merging into those of finer sizes

toward the center of the wheel.

The material sample to be ground/polished may be
directly abraded with the separated abrasive particles
on the wheel 12 of FIG. 1. Alternately, the upper sur-
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face of the wheel 12, with or without a paper disc cov- |
ering, is deposﬁed with the thus separated abrasive

particles in the form of concentric rings. These sepa-
rated abrasive particles are then bonded to the paper (or
cloth) disc by, e.g., the usual glue, vitrified, silicate,
shellac, resinoid, rubber, or magnesite bonding meth-
ods.

A third alternative is silk-print presorted or separated
abrasive particles, one size for a given concentric ring,
such as 21, 22, 23, or 24 in FIG. 2. Overlapping the
‘printed rings will cause the rings to merge somewhat
continuously with each other. If there is no overlapping
of the silk-printing, the new abrasive wheel or disc will
have distinct concentric rings 21-24 of decreasing abra-
sive particle sizes toward the center of the wheel 12.

FIGS. 3 and 4 show an improved mechanical surface
preparation apparatus. The horizontal circular wheel 32
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(6 to 50 inches or 15 to 127 cm in diameter) has a flat and
planar, smooth or grooveless upper surface 33 with a
center, about which the wheel 32 is driven by a motor
39 /or pulley 47, so programmed that the wheel rotates
at a slow speed at first but increases in speed as the
grinding/polishing operation proceeds. A feed pipe 31
is provided at the center of the wheel to feed the mixed
abrasive particles suspended in an air, oil, or water
medium. This mixed abrasive particles are centrifugally
separated in a manner somewhat as described in connec-
tion with FIG. 1. Duct feeding of the abrasive particles,
similar to that also described in reference to F1G. 1, can
also be used here. Another alternative is to use a wheel
or disc having the separated or 'continueusly merging
abrasive particles in concentric rings, as described pre-
viously. -

In any case, the mixed abrasive particles in the proper
suspension are impelled by centrifugal force and are
therefore centrifugally separated, coarse particles being
outmost. Specifically, the mixed abrasive particles are
forced to move from linear paths of increasing separa-
tion distances therebetween, inside the expanding,
curved feed duct 14. The larger and denser abrasive
particles, being more affected by centrifugal forces, are
thus fed to the horizontal wheel 12 at near the periphery
thereof, while the finer and lighter abrasive particles are
fed near the center O of the same wheel 12. The sepa-
rated abrasive particles are discharged onto an elon-
gated discharge region centered along a major or sigmf-
icant portion of a line extending from the center of the
wheel to the periphery thereof Sucha lme is, in FIG. 1,

~a radius of the wheel.

The duct 14 is of constant thlckness but has a contin-
uously or monotonically expanding width. In the for-
mer case, every (feed particles)- downstream width is
greater than any previous widths while in the later case
every downstream width is greater than or equal to any
previous widths. The entrance end 13 is of small width
so that the mixed abrasive particles in a suitable suspen-
sion form can be fed with a simple, cylindrical pipe or
tube. As shown in FIG. 1, the expanding feed duct 14
also is curved in shape, so that the mixed abrasive parti-
cles fed thereinto not only move in expanding streams
of increasing separation distances therebetween, but
also move curvedly and cause the thus-generated cen-
trifugal force to separate the mixed abrasive partlcles
according to their densities and sizes. The result is that
the larger and denser particles are near the periphery of
the wheel 12 or 32, while the smaller and lighter parti-
cles are closer to the center O of the wheel 12 or 32,
both before and after exit at the exlt end 15 from the
feed duct 14.

The material sample 34 is held under the weight of,
and rotated by, the holding ring 35. This ring, made of
or coated with a low-frction material such as Teflon and
making peripheral and a single, pointed central contact
with the sample 34, is driven to rotate, continuously or
intermittently, by the driving wheel. The driving wheel
36 is actuated by a suitable means such as a speed-pro-
gramed motor 40. A third motor 41 rotates the cam 37
which winds up the pull string 38 to cause, with the aid
of the slip ring 43, the sample 34 to move, at diminishing
velocities, toward the center of the wheel 32, as the
surface preparation process proceeds.

It can be seen that the material sample 34 is ‘abraded
with abrasive particles of decreasing particle sizes as the
surface preparation process proceeds. The sample 34 is
pressed against the wheel surface 33, preferably with
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reducing pressure as the preparation process proceeds
by, e.g., an inclined (5° to 20°) guide rod 44 whose

upper end is welded to the central feed pipe 31 and’

whose lower end slips in a groove 45 in guide ring 35.
The rotational speed of the wheel 32 is also changable
(i.e., increased) as the surface preparation process pro-
ceeds and as the materlal sample 34 is moved inward, by
suitable programming of the speed of motor 39.

It can be seen that the abrasive particles can only
move radlally outward by the centrifugal forces re-
‘sulted from the wheel rotation. This condition, in addi-
tion to the central feeding of the mixed abrasive parti-
cles and/or the location of the centrifugally separated
abraswe particles on the grinding/polishing wheel 32,
causes no contamination of the finer abrasive particles
by the larger particles. Clean grinding/polishing results
thus are assured. The automatically controlled sample
pressing, radial movement, wheel speed,..., insure fast,
efficient, and reproducible results regardless of the skill
of the operator.

By simple modifications including doubling the num-
ber of holding ring 33, driving wheel 36, programmed
motor 40, ..., the grinding/polishing machine of FIGS.
3 and 4 then allows two samples 34 to be placed in the
same rectangular frame 42, but on opposite sides of the
feed tube 31. These two samples, in their respective
sample holding rings 35 (which are attached to but
driven by the driving wheels 36) are simultaneously
ground/polished and driven to move by the same string
38, cam 37, and motor 41. This achieves doubled pro-
duction rates and balanced weights on the wheel 32
thereby minimizing vertical vibrations. Such vibrations
often limit the maximum wheel speed that can be em-
ployed.

As an example, I make the wheel 32 about 15(38.1
cm) in diameter. The mixed alumina and/or silicon
carbide abrasive particles (4 to 600 mesh) are made into
a water (or oil) suspension containing approximately
one teaspoonful of the particles per liter of suspension.
The suspension is fed at about 200-500 cc/minute
through the central feed pipe 31 or into a 1’ high feed
duct 14 having a " entrance pipe 13 but expands at the
exit end 15 to 12"'(30.5 cm) wide radially centered along
a wheel radius. Since the rate of abrasion depends on
the linear velocity rather than the wheel rpm, I keep the
linear velocity below about 10,000 cm/sec. To grind-
/polish GaAs (gallium arsenide) wafers 1”diam
% 0.010(2.54 cm diam X0.254 mm), the speed of the
wheel 32 is programmed via motor 39 to start at 300
rpm but finish at 500 rpm. The pressure on the wafers
decreases from 300 g(on each wafer) in the beginning to
150 g toward the end of the operation. For the 12”(30.5
cm) radially inward sample movement, the initial veloc-
ity 1s 4 cm/min but the finishing velocity is only 2
cm/min. It takes 10.2 minutes to finish the grinding/pol-
ishing operation. The sample, therefore, decelerates at a
constant deceleration of about 0.2 cm?/min.

The invention is not to be construed as Iimited to the
particular forms disclosed herein, since these are to be
regarded as illustrative rather than restrictive.

I claim:

1. An apparatus for grmdmg/pohshmg a material
sample surface comprising:

a horizontal circular wheel having a planar and
smooth, upper surface containing a center and
rotatable about a central vertical axis of rotation
which passes through the center; and
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means for simultaneously feeding, from an entrance
end, mixed abrasive particles for discharge at an
exit end onto an elongated discharge region on the
upper surface, said discharge region extending
over a major portion of a selected line which ex-
tends from the center to the periphery of the
wheel, said mixed abrasive particles being sus-
pended and carried by a fluid, the motion of the
carrying fluid flowing in the feeding means pro-
ducing centrifugal forces which simultaneously act
on all the mixed abrasive particles to cause the
mixed abrasive particles to separate according to

- their densities and sizes before their discharge onto
the discharge region on the upper surface.

2. The apparatus as in claim 1 wherein the feeding

means comprises a curved feed duct, the flow of the

fluid, with its suspended mixed abrasive particles, in
passing through the curved duct producing centrifugal
forces on the mixed particles to cause them to separate
Into streams of separated abrasive particles continu-
ously merging with streams of lighter and finer abrasive
particles toward the center of the wheel.

3. The apparatus as in claim 2 wherein the feed duct
is of substantially constant thickness but of continuously
expanding width from the entrance end toward the exit
end thereof and also in a plane parallel to the upper
surface so that the mixed abrasive particles attain suffi-
cient moving velocities and centrifugal forces inside the
duct to achieve the desired centrifugal separation
therein while discharging from the duct at a velocity
lower than any other velocities prior to the exit or dis-
charge therefrom.

4. The apparatus as in claim 2 wherein the mixed
abrasive particles are of substantially constant density
and are thus centrifugally separated according to their
sizes, large particles being discharged at near the pe-
riphery of the wheel while finer particles being dis-
charged closer to the center of the wheel.

5. The apparatus as in claim 4 including means for
driving the wheel and programmed to rotate the wheel
at a slow speed at first but to increase the speed as the
surface preparation process proceeds and as the mate-
rial sample is moved from near the periphery of the
wheel where the separated abrasive particles are of
relatively large sizes toward the center of the wheel
where the separated abrasive particles are of relatively
finer sizes.

6. The apparatus as in claim 1 wherein the elongated
discharge region extends along a radius of the wheel
and the mixed abrasive particles are separated into
streams which are directed generally normally of the
radius and in the tangential directions of the wheel.

7. The apparatus as in claim 6 wherein the separated
streams are generally tangentially oriented streams of
separated abrasive particles which are oriented in the
same direction as the direction of rotation of the wheel.

8. The apparatus as claimed in claim 1 including:

means for holding the sample;

means for positioning the sample initially at an outer

position on the upper surface of the wheel;

means for applying pressure onto the material sample

against the upper surface; and

means for moving the sample generally in the radially

inward direction so that the sample is mechanically
surface prepared with progressively finer abrasive
particles in a single operation.
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9. The apparatus as in claim 8 including means for
decreasing the pressure applied onto the sample as the
sample is moved in the radially inward direction.

-~ 10. The apparatus as in claim 8 including means for
decreasing the velocity of said radially inward move-

ment as the surface preparation process proceeds.

11. The apparatus as in claim 8 including means for
rotating the sample about a vertical axis contained
therein as the sample preparation process proceeds.

12. A device for feeding mixed abrasive particles onto
a grinding/polishing apparatus for preparing a material
sample surface with mixed abrasive particles suspended
in and carried by a fluid, said apparatus being of the
type having a horizontal circular wheel having a upper
surface for receiving the abrasive particles and contain-
ing a center and rotatable about a central vertical axis of
rotation which passes through the center, comprising: a
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curved feed duct having an entrance end and an exit end
and having also an expanding width in the direction of

the plane of the wheel from the entrance end to the exit

end, the flow of the fluid carrying the mixed abrasive
particles 1n suspension generating centrifugal forces

which centrifugally separate inside the duct the mixed
abrasive particles according to their sizes and densities,

‘the exit end of the duct extending over at least a major

portion of a selected line which extends from the center
of the wheel toward the periphery thereof so that larger
and heavier abrasive particles, being more affected by
the centrifugal forces, are discharged onto the wheel at
near the periphery thereof while the finer and lighter
abrasive particles are discharged near the center of the

wheel.
¥ E x ¥ *
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